[I/cm2] y2 -dp2\/2, dimensionless Laplacian operator [-] Literature cited 1) Bar-Han, M. and W. Resnick: Ind. Eng. Chem., 49, 313 (1957) 
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14)
Pfeffer, Robert: Ind. Eng. Chem., Fund., 3, 380 (1964) In this paper, these models are applied to gas absorption with and without chemical reaction in a liquid film flowing along conical surfaces and a hemispherical surface, and the results are compared with experimental results.
Experimental Apparatus and Procedure
Experiemtal apparatus is shown schematically in Fig. 1 . The liquid was fed from the level tank to the film-absorber through a thermostat controlled at 25°C. In the absorber, gas was absorbed by a liquid film, and the level of liquid leaving the absorber was adjusted by the level controller. The liquid flow rate was measured at the outlet of the level controller.
CO2 gas was fed from the gas-holder to the film- the gas absorption rate is determined by the diffusior of CO2and OH", i.e., an instantaneous rapid reactior as illustrated by Danckwerts4). In this experiment the value of 7 is about 1-0-30S>iS00=2.77, and the process maybe considered as an instantaneous rapic reaction from the reported results6'7). Schematic diagrams for the film-absorber are shown in Fig. 2 . In apparatus (a), the liquid flow:
down along the cone and the cylindrical plastic wal and the liquid surface area expands over the cone The height of the conical part is 32mm and the diameter of the cylindrical part is 64mm. Tc estimate the end-effects, experiments with a wettec wall having the same diameter as that of apparatus (a) were carried out. In apparatus (b), the liquid was introduced on the stainless steel cone from the slit between the cone and the ring, and the surface area was shrunk over the cone. The inside diameters of the rings are 54mmand 34mm.In the case oi apparatus (c), the inter facial area is shrinking while the where ,4 = (9/>0Q2cos0/32jr2A< sin20)1/8 (2) The age of the surface element at a distance z from the liquid inlet is given by t = (3/5)(z5/8/4) (3) which is obtained by integrating Eq.(l) with the initial condition t-0 at 2=0. The surface area occupied by the surface elements younger than t is S = 7tz2sind (4) i) MODEL I "Crude model" is applied to the liquid film flowing on the conical surface; as follows: The area of surface elements with an age between t and t~\-dt is dS = (dSldz)(dz/dt)dt = 2nAz1/*smddt (5) The change of this surface element area for the time increment dt is given by -rr(dS), and the generatdv ing rate of the new surface element at z=z is expressed as G.=4£= d (JS\dz = 2 A^i/Ss. m0 dt2 dz \ dt Jdt 3 (6) The ages of the surface elements generated at z =0 are t and z at z=z and z=Z, respectively. The surface elements generated at z=z, therefore, exist for t-t between z=z and z^=Z. The surface area occupied by the elements generaged at z=z is given by Gsx(r-t). On the other hand, the mean gas absorption rate by the surface elements exposed to gas for T-t is given by the penetration theory as Then the gas absorption rate ,of the surface element generated at z=z is NxGsx(r-t.), and that of the whole surface of the cone is given by
ii) MODEL II According to the results of Beek and Kramers2), the gas absorption rate into the interface changing in area is given by using Eqs.(l) and (5) as follows:
-2. 6186 0^7:ADZ7/6 sin0 (9) iii) MODEL III In this model, by neglecting the normal velocity to the interface, the change of surface area is taken into consideration in the same way as did Yano and Kawai10). The gas absorption rate is derived as follows: The instantaneous gas absorption rate by unit surface area is N = Ctl/Dl&tr . (10) surface of an inverted cone, the gas absorption rates derived by assuming MODEL I and MODELII become equal to the results in the previous sections 1-1. i), ii). Thus, the result in these cases are omitted in this section, and the gas absorption rate is considered only for MODEL III. The surface area occupied by the surface elements which are younger than the age t is å S= x{Z2-(Z-z)*}sm0
. (12) The surface velocity of liquid is given by vs = dzldt = A(Z-z)-2/s (13) The gas absorption rate is given by £[- §-(å ¥å )"å <-''"H* = 2. 7747 C'n/XAD Z7/G sin# .
In this case, @mcoincides with @j. The The distance of reaction surface from the interface is The instantaneous gas absorption rate of unit surface 
In the calculation of the physical absorption rate, the following physical properties at 25°C were used, i.e., the liquid viscosity ft=0.8937 c.p., the liquid density ,0=0.997g/cm3, the solubility of CO2 in water Ct=0.8025 cm3 CO2/cm3H2O and the diffusivity of CO2 in water £>2=1.94x10"5cm2/sec. For the chemical absorption, ^=0.9073 c.p., p= 1.000 g/cm3, C,=0.7704 cm3 CO2/cm3 H2O, Z^=1.90 X 10"5 cm2/sec (corrected by the concentration of NaOH for D°A in water7)) and the diffusivity of OH~ in the solution DB=5.27X10"5cm2/sec were used.
Results
Experimental gas absorption rates are plotted against Q1/3 in Figs. 5,6,7 and 8 for each case. In In the experiments with apparatus (a), it is considered that the lower part of the liquid film is wrapped by the inert surface formed at the bottom and the inert surface gives a negative end-effect6). To estimate this end-effect, absorption experiments were carried out using usual wetted-wall column of which diameter was the same as that of apparatus (a), and the height h0, which is considered to be wrapped by the inert surface, was determined by the same method as that used by Nojsing et al. 7\ The values of <f>2 were plotted against film length and the value of h0 was obtained from the intercept of the straight line through the data points at the abscissa representing <f>2=0. In our experiments, the value of h0 decreases from 1.85 to 1.45 cm with the increase of Q1/3 from VQL, 4 NO, 3
1.0 to 2.0cm/sec1/3.
The gas absorption rates in apparatus (a) were measured for various heights of the cylindrical part, and the end-effect free gas absorption rates by the liquid film flowing on the conical part were determined when the height of the cylindrical part is equal to hQ. Experimental results are shown in Fig. 5 , with black points for physical absorption and white points for chemical absorption. In physical absorption, the experimental results agree well with the theoretical result of MODEL II when the liquid flow rate is small. The points deviate from the line of MODELII as the liquid flow rate increases, and as the gas absorption rate increases. This is considered to be caused by the disturbance of the interface. Rippling is observed when the liquid flow rate is large. In Fig. 5 , the white points agree with the theoretical result of MODELII (with instantaneous chemical reaction).
The gas absorption rate measured with apparatus ( b) is shown in Fig. 6 for physical absorption. The black points are for the cases of Z=3.26 cm and the white points are for Z=5.20 cm. Not shown in this paper is the figure in which 0 was plotted against Z7/6 for various values of Q1/3. A straight line was drawn along the points for each value of Q1/3, and was extrapolated to the point where 0=0, and thus it was found that the value of Z7/6 becomes nearly zero. Therefore, it is considered that the end-effect is very small and is negligible in this case.
With the same apparatus (6), the chemical absorption rate was measured and is shown in Fig.7 . For large liquid flow rate, the liquid film is unstable, and the assumption that the film is thin enough to be considered as a flat film is not satisfied.
Conclusion
The gas absorption rates of expanding and shrinking surfaces are measured with a liquid film-type absorber in which liquid flows along conical or hemispherical surfaces. The experiments are carried out with CO2-water and CO2-NaOHaqueous solution systems. Three models are applied to each case and it is found that MODEL II (Stretch model) agrees best with experiment in all cases. MODEL II can be applied to mass transfer problems whenthe interface area is changing. 
